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LTFT, DRAG, AND STATTC LONGITUDINAL STABILITY
CEARACTERISTICS (OF FOUR AIRPLANE-LIKE
CONFIGURATIONS AT MACH NUMBERS
FROM 3.00 TO 6.28

By Stanford E. Neilce, Thomas J. Wong,
gnd Charles A. Hermach

SUMMARY

Lift, drag, and pitching-moment coefficients, lift-drag ratios, and
center-of-pressure positions for four airplsne-like confilgurations were
determined from tests at Mach numbers from 3.00 to 6.28 and angles of
attack up to 15°., One basic configuration comsisted of trapezoidal-wing
and -tail surfaces mounted on a cylindrical afterbody with & fineness-
ratio-3 tangent-ogive nose. The second basic configuration, designed to
have lower drag and higher lift-drag ratios, comsisted of triangulsr-
wing and -tail surfsces, which have the same spans and plen-form areas
g3 the trapezoidal-wing model, but with more highly swept leading edges,
mounted on a cylindrical afterbody with a fineness-ratio-5 "minimum-drag"
nose. The third confilguration was the trapezolidal-wing model modified
to have a flneness-ratlo-5 minimum-drsg nose. The fourth configuration
was the triangular-wing model with the minimum-drag nose modified to
include a nose radlus one-tenth of the afterbody radius. Wing and tail
sections of all four configurations had rounded lesding edges to reduce
the effect of local aerodynamlic heating.

Throughout the range of test Mach numbers, the maximmm lift-drag
ratios of the basic trlangulasr-wing configuration were sbout 18 to 24
percent higher then thoge of the basic trepezoidel-wing model. About T~
to ll-percent lncresse in maximum 1ift-drag ratic was obitained by replsc-
ing the fineness-ratio-3 ogival nose of the basic trapezoidal-wing model
with the fineness-ratio~5 minimum-drag noge, Increasing the nose blunt-
ness of the itriangular-wing model resulteéd In a decresse of sbout 5
percent or less in the maximum 11ft-drag ratio. The greatest decrease

occurred at the highest test Mach DWCLAQSIFIED
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I NTRODUCTION

An sirplane-like configuration, which consisted of trapezoidal-wing
and -tail surfaces mounted on a cylindrical afterbody with a fineness~
ratio-3 ogival nose (refs. 1 and 2) has been lnvestlgated as a suitable
vehicle for flight at high supersonic speeds. Rounded wing and tail
leading edges Werg_incorporated in this configuration as being desirable
for high-speed operation from the standpoint of keeping the leading-edge
temperstures within feasible limits. Test pesults showed that this con-
figuration had maximm lift-drag ratios of 2 6h and 2.36 at Mach numbers

£ 4,06 and 6.86, respectively.

It appears that the drag of this ¢aniguration_could_be reduced,
with consequent improvement of the maximum lift- -drag ratioé, by using a
minimum-drag nose of higher fineness ratlo and by using wing and tail
surfaces with more highly swept leading edges. A friangular-wing model
vhich incorporated these changes, and a trapezoldal-wing model, similar
in plan form to that used in the tests reported in references 1 and 2,
were tested 1in the Ames 10- by lh-inch wind tunnel to determine ﬁhelr
comparative aerodynamic characteristlcs at Mach numbers from 3.00 to 6.28
and angles of attack up to 15 ~ Testa were also conducted on the
trepezoidal-wing model with the minimm-drag nose (fineness ratio 5) to
determine the drag reduction attributed to the nose modification, Since
the nose of the body should bhe rounded to alleviate the local aserodynamle
heating problem, the triangular-wing model was also tested with the
minimm-drag nose blunted to a radius consistent with the blunting of
the wing and tail leading edges. T

NOTATION
Cp drag coefficient, %
Cp  1ift coefficient, %
Cm pitching-moment coefficlent about wing centroid of area, 5%3
c mean aerodynemic chord of wing including portion submerged in
fuselage .
D drag
T _fineness ratio, ratioc of body length to maximum diameter
L 1ift

M free-stream Mach number
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tﬂﬁdlnm- i

CI- .

m pitching moment
q free-stream dynamic pressure
wing plan-form area, including area submerged in fuselage

center-of-pressure location, percent body length from nose

i

a angle of attack
APPARATUS AND TESTS

The models were tested in the Ames 10- by lii-inch wind tunnel which
is described in deteil in reference 3. Aerodynamic forces and moments
acting on the models were measured by a three-component strain-gage bsl-
ance. Angles of attack up to 5 were obtained by rotating the model-
balance assembly. Angles of attack greater than 5 were obtained by the
use of bent-sting model supports. Axlsl forces acting on the model base,
ag determined by the difference hetween measured base pressures and free-
strean static pressures, were subtracted from messured total forces.
Thus, the data presented do not include the effects of base pressure.

Models used in the investigation were constructed of sieel, with
the tall surfaces permanently pinned to the cylindrical afterbody while
the wings and nose sectlons were removable, Figure 1 shows the trapezoidal-
wing model which is similar to that used in the tests reported in refer-
ences 1 and 2, but with the following changes: (a) the four wedge-shaped
tail surfaces have been replasced by three tall surfaces with the airfoil
sectlion shown in figure 1; and (b) the configuration has been changed
from a mid-wing type to the low-wing type shown. The modification of this
model in which the fineness-ratio-3 ogival nose 1s replaced by a fineness-
ratio-5 minimum-drag nose is shown by the dashed lines on this figure.
The ordinates for the minimm-dreg nose (minimum draeg for given length
and volume, as determined from ref. L) are given in teble I. Figure 2
shows the trisngular-wing model which has the same wing and tail surface
areas as the trapezoidal-wing model, but hes more highly swept leading
edges as well as the filneness-ratio-5 minimum-drag nose. The modification
to this model, as shown in this figure, conslsited of shortening the
fineness-ratio-5 minimum-drag nose to include a nose radius of l/lO the
meximum body radius. It has been indicated (ref 5) that a sizsble reduc-
tion in local heat-transfer rate can be achleved by sweeping the round
leading edge of a wing or tail. In an attempt to obtailn similar conditions
of local heat input, therefore, the leading-edge radil of the trianguler
Wwing and tall have been reduced from those of the trapezoidal wing and
tail as shown in figures 1 and 2.

Lift, drag, and pitching-moment coefficients as well as lift-drag
ratios and center-of-pressure positions were determined for all models
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at angles of attack to about 15° et Mach numbers of 3.00, 4,26, 5.0k,

and 6.28, The free-stream Reynolds numbers based on the lengths of the
models were:

Reynolds ntmber,

million
Basic trapezoidal- All other
Mach number wing model models
3.00 T.5 g.1
4,26 6.9 8.3
5.0L 3.3. k.0
6.28 1.k 1.7

In the region of the tegt sectlon where the models were located, the
veriation in Mach number did not exceed 0,02 at Mach numbers from 3,00
to 5.0k and +0.04 at Mach number 6,28. Deviations in free-stream Reynolds
numbers did not exceed +100,000 from the values given, Estimated errors
in the angle of attack due to uncertalnties in corrections for stream
sngle and for deflection of the model-suppcrt system were +0.,2¢,

Preciglon of the experimental results was affected by uncertainties
in the force measurements by the balance system and the determination of
free-gtream dynamic pressures and base pressures. These uncertainties
result in maximum possible errors in the serodynamic force and moment
coefflclents as shown in the following table:

Mach number CD CL Cm
3.00 0,003 0,002 +0.005
L.26 1,003 +,002 +.005
5.0L4 +,00L +,003 +,008
6.28 +,006 +,005 +.015

Accuracy of lift-drag ratlos end centers of pressure will depend not only
upon the accuracy of the force and moment coefficients but will, in gen-
eral, be inversely proportional to the magnitude of these quantities. As
such the errors in the lift-drag ratios and centers of pressure will be
comparatively large near zero angle of atfack and will decrease as the
angle of attack is increased,
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RESULTS AND DISCUSSION

Results of the tests on the Ffour alrplane-like configurations are
presented in table IT, where lift, drag, and pitching-moment coefficients,
centers of pressure, and lift-drag ratios at various angles of attack are
tabulated for the seversl test Mach numbers. In order to show the more
important trends and comperisons of these aerodynamic parameters, certalin
data are also presented in graphical form. The variations of 1lift with
angle of attack of the four models were found to be essentially the same
at each test Mach mmber as may be seen in the tabulated test results.
This similarity in 1ift characteristics is shown for the two baslc models
in figure 3. It can be shown from this figure that the initisl 1ift-
curve slope (dCy,/da for a = 0) is almost inversely proportional to
E - 1, varying from & value of about 0.035 per degree at Mach number
3,00 to about 0.017 per degree at Mach mumber 6.28.

The veriations of 1ift coefficlent with drag coefficient, pitching-
moment coefficient egbout the wing centroid of area, and the center of
pressure in percent body length measured from the nose are sghown in fig-
ure ‘4 for the two basic configurstions and for the modified trapezoidal-
wing model, The test results for the modified triangular-wing model are
not inecluded 1n this figure since they were approximstely the same as
those of the basic trianguler-wing model, except for relatively small
differences in drag coeffieient as will be discussed leter. In & com-
parison of the 1ift and drag coeffielents, it can be seen that, for a
given 11ft coefficient, the trisngular-wing model has & consistently
lower drag coefficlent, and thus a higher lift-drag ratio, than does the
basic trapezoidal-wing model, The corresponding curves for the modified
trapezoidal-wing model show that, in the region of zero 1ift, about LO
to 50 percent of this difference is due to the use of the more slender
minimum-drag nose, This drag reduction due to changing the nose shape
is of the magnitude which would be predicted by Newtonian impsct theory
(ref. 6). The remainder of the drag reduction is due to the increased
sweep angles and decreased radlil of the wing and tail leading edges of
the triangular-wing model.

The static longliudinel stebllity of each model tends to decresse
with Increasing Mach number as indicated by the less negative values of
dCn/dCr,. (See fig. 4.) The decreased stebility is very likely due in
pexrt to & decrease in the effectiveness of the tail surfaces at higher
Mach number, The possible need for additional stability at high Mach
numbers wasg antlcipated by the use of wedge-shaped tail surfaces on the
model used in the tests reported in references 1 and 2. An alternate
method for lncreasing stebillty at high Mach numbers, with possibly less
drag penalty and fewer structural problems, would be to flare the rear
portion of the eylindrical afterbody, as suggested in reference 7.
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The variations of maximum jift-drag ratio with Mach number for the X
four conflgurations are presented in figure 5., Tt can be seen from this - ol
figure that the basic triangular-wing model hes & maximum value of 1ift- .
drag ratio about 18 tao 24 percent greater than that for the basic :
trapezoldal-wing model throughout the range of test Mach numbers. The < on
adaltion of the fineness-ratioc-5 minimum-drag nose to the trapezoidal- o
wing model increases the meximum 1ift- -drag ratic @bout 7 to 11 percent SR
in the range of the test Mach numbers. Although the drag of the modi- =
fied triangular~wing model near zero 1ift is aspproximately the same as SR
that of the basic triangular-wing mGdel; as may be seen in the tabulated _
results, the drag of the modified model; ‘éxeept at a Mach number of 3.00, !
1s slightly higher at the 1ift coefflclents for vwhich the lift-drag ratio
1s & maximum, This characteristic restulte in & decrease 4n maximum” 1ift-
drag ratio of about 5 percent &t the highest test Mach number. Thus, &t
the higher Mach numbers, the heat trangfer characteristics are improved -
at the expense of a reduction of maximum‘lift drag ratio. . a =

The decresse in the maxliyum lift-drag ratios of all models as the
Mach number is increased is due primarily té the increased skin-friction
drag- associated with the decrease of test Reyndlds humber. For these
tests, the effects of skin friction sholild bé  about the same for all
models at corresponding Mach numbers and, therefore, should not influence
the comparative resultes.,

|
i

To facilitate model construction by allowing nose sections to be o
interchangesble, the afterbody length of 811 models was kept the same.
As a result the models which employed minimum-drag nose sections are 2
inches longer than the basic trapezoidal-wlrg model &rnd have correspond-
ingly larger body volume, If the volumes of the longer models were made -
the same as that of the short model by reducing the afterbody length,
there should be a negligible change in the 1ift and drag characteristics
and an improvement in the stability characteristics due to a rearward
ghift in the center of pressure,

CONCLUSIONS

The aerodyneamic cheracteristlics of four airplane-like configurations,
which have the same wing plan-form ares, tail plan-form area, aspect ratio,
and body dismeter, have been determined at Mach numbers from 3.00 to 6.28
and at angles of attack up to 15°, From the results of these tests the
following conclusions are drawn: B e

1. The 1ift characteristics of the models are about the same at each
Mach number and, as would be expected, the lift -curve slopes decrease as
the Mach number is Increased.

2. The baslc triangular-wing model had a greater nose fineness ratlo
and greater leading-edge swWeep angles than the basic trapezoidal-wing
- model; both of these changes contributed substantiel drag reductions. -
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3. The maximm 1ift-drag ratios of the basic triangular-wing model
are gbout 18 to 2L percent higher than those of the basiec trapezoidal-
wlng model.

L., A small increase in the bluntness of the minimm-dreg nose was
found to hsve & relatively small effect on the serodynemic characterlstics
of the triangular-wing model at Mach number 3.00, but resulted in a pro-
gressive decrease in maximm lift-drag ratio with Mach number, so that a
resultant decrease of sabout 5 percent occurred at Mach number 6.28.

5. The static longltudinal stebility of the models tends to decresase
es the Mach number is Increased, probably due in part to & decreased
effectiveness of the tall surfaces,

Ames Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Mar. 2k, 1955
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TABLE I.- COORDINATES OF THE "MINIMUM-DRAG" NOSE SECTION
[A1ll values in inches.]

Abclasa | Ordinate
0 0.002
.100 .035
200 .056
.300 .075
koo .093
.600 .126
.800 156
1.200 .211
1,600 . 260
2.000 .303
2,400 343
2,800 379
3.200 il
3.600 ko
k., 000 L6l
4, Loo 483
k,800 Lol
5.000 .500
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TABLE IT.~ EXPERIMENTAL RESULTS

L = S
lele B T=a]§ =]
{a) Erapesoidal-wing wodel
3,00]-1,0 }-0.0%5 10,080 [-1,18[0,009] 56,0 {{5.05]-2.0[-0.0k5]0, 033 [-1 . o] @ PR
0 {-.02 .oeg -3 .002(55.1 [ ~QL0L .033] ~.32]-, Ted
1,0f .02k O «611~,006(57,1 2,0] .030) .034] .90{-.006|%6.1
2,0{ ,061| ,oM | 1,49]-,01%5T.2 2.9t .09 .03} 1.56]~.009|35.2
a1 L3k m 2,76(~.031{56.9 5.0 02-3 ok2| 2,3kl aasism.0
67! &3] . 3.33{-.0%0{%6.9 7.0 . 233 E.g -0 {5 .8
8.7 .286] 0831 3.56)-.064[ 56,7 8,0 .062] 2.82]-,036[36.1
. T .ﬁ 105 3.35]-.085{56.8 16,01 .23] .0T9 2.3 - %6.L
2,71 . k2| 3.200-,113]57.1 12,1| .200] .100| 2.88{-,06.]56.3
13,8 | M9sf .162{ 3.06{-.121(57.0
k.81 .535] 204] 2.90]-.132}57.0
3.261-2,0 | -.0%6{ .035]|~1.61{ .00k ;E.a 6.28/-2,0] -.080 .DJ:L;-LOB 00152 %
o | -.olz| jo3n} -i37| coL[skin ]l T 67 | -i009] 038l -1 looa|Suie
1.9 03T} 03| L.07}-.Q06]55.6 2,0] .026) ,036| .T3] .006{46.3
31| . J037{ 1.8L]-.018{%6.3 29| .05 .gfé 1.25[~,003{53.2
5.10 27| obs] e.6r]-0a|55. T k9] 082 . 1.9%5|-.006 ;E.z
704 1781 056 3.06 -.023 53.9 6.9 Jlas| 05| 2.h2f..0LT]%R.T
8.2] .206] 063 3.18]|-. 56.2 T.91 .1k3) (05T| 2.53]-,008]%2,9
o8] 26k (0BR| 3.15)-. 56,0 9.3 188 .g& 2.66{~.0L3 ;a.s
12,1 | .3e3] J1o7{ 3.02(-.062|55.9 n,8] .eugl 2,771,033 5.6
12,9] .27m0] .100] 2,75]-,031{%.2
(b) Modiffed traperaidsl-wing model o
3.00]-L.0] =, 0¥7[ 036 [-1.289] .006|68.6 |[5.05]-2.0] -.0%8] .028|~L.T0]-.003] 8.
[ ~-011] 033 ~.32(0 60.3 [} =,008| .037] -.31}~,003 :e.E
1.0] .ce8] .033 ~007| 64T 2,0 .03k 027} L.22f-,002|6L.
2.40{ .063 ;3?‘ 1.73{-.0LA{Gk 2 2,91 .0%8[ .033] 1.75(-.003(6L.2
.11 136 31 3.15}- 63.7 2.0 .J.;;E Oa0| 2,58{-.006|60.1
6.T 0621 3.5T)-.0k3)63.7 T.0| «13k] .0%| 3.08{-.0lL{61.%
8,21 .298] .082{ 3.63]|- 3.5 9.0 At .089| 3.0% -.011'\61..%
0.7 eaz « 354 ~.072163.5 10.0( . LOT6] 3.10]-.022|6L.
12.8] 4T3} JOha! 3,28(-.089 63.2 12,1 .296| .098] 3.03|-.029]|61.8
1%.9( .561] .188] 2.98}-.a03|63.
k26]-2.0] -.0%6] .03L]-1.82] 003|61.0J6.28]=0.0] -.0h2| .033)~1.27}.006 ;g.h
o |-k . =i 002{63.2 o | -1 o3| -.33]-.00 g
1.9] .038 L.%0[-.003|6L.T 2.0 .o=s| .032 ;i 003 | 57.
3| 085] .033] 2.09)~.00|6a.T 2.9 .okg .gP L34 L0L5)5h.2
3.0] 18 2.95|~.QL3j62.2 k9 OR3| 2.03]|-.00.160.k
7.0{ A7 om| 3.86{~.006]62.8 6.9 13| o053 2.13[-.009]60.8
8.2] .27} .063] 3.h4|-~.086]62.3 T.9} «145] 053] 2.76] .003]59.8
10.4 | .27T| 086] 3.22]~.03kl60.3 9.9] .1931 .06k 3.32 .003(33.8
12.5] .335] .z 3.02]-.0%(6.7 1.9] . 0811 3.04f~.005160.5
12.9| .273] .092] 2.96}-.011]60.8
o) Trisngular-wing wodel
3.00| =.91 -.043] .029}-1.k8] .007]|63.6 {}5.05[-2.0] ~.oag[ .006{-1.93] .002f6L.1
PR D1 ] e Rieetd i ~010| w0ok| -k} .003]6T.3
1.0] .029| .028{ L.03|-.006|6h.0 1.0 .olof .cok| .43 'ﬁ”"
2.0} <030 | 2,0h]- 00k )6h.0 2.0 .03Lf .025) 1.23] 5.1
kil ako{ 038) 3.72]|-.0%0{6r.6 2.9 . 025] 2.30{-.007|62.7
6.7| 20| 0%6] 3.96(-. 03|68 5.0 .gﬁ 3.19(-.009|61.9
8.7] .295| 07| 3.95]-.059;6.3 7.0 ',1_? o 3.93|- 62.3
10,7 259 a0 | 3.65]-.07(k.0 8.0 .183| .o 3.§I-.om 62,k
12,7 kgg 133 | kb~ G4 O 10,01 239 067] 3.56|~.023{62.2
13,81 . 1321 3.21[~,003{63.6 a2.df .300] 3.38§~.032/62.3
1k,8] xk| T3] 3.041-.089(63.5
k.26]-2,0 -:% J026 |-2.10] L003]6.2 ||5.28]~2.0 | -.00L] 0% |-1.35| .003{61.8
o {=- 023 -:gi ~.00L (53,6 o | -.007| .027] -.27] . 7.9
10| .05} . -~ 001 {61.6 1.0] 009 0@3 <33] .006{46.9
1.9} .OM| ,025| L.61f~,00416L.9 2.0 .0e7f . .97 ooz 56.3
3. )] .on| .02/ a.68]~.002]63.3 2.9) 027] 1 004158, 3
5.0 46| .032] 3.70|~.012]62.2 b9l .086( .033| 2.98]-.004[60.9
7.0 L@} 048] 3.9~ Fa.e 6.9{ 28| .0%0| 3. <9
8.2| a0 . 3. B~ n2z]62.2 6.9] J131] .okk] 2. o
02| .272| 076 3.60|-.027|62.1 7.9| am| .0h61 3% 61.3
12.1 | 33| .099{ 3.35|-.028]6 .8 99| .201| .06 3.28 6.5
o <23 080] 345 61 .8
278] 002} 3.00) 61,
{d) Modified triangular-wing model
3.00{~1.0 | ~.0k2] 089 11.45) .007[63.6 P.og 2.0 | -.OhT| .02k {- .go 59
o |-.007]. - 2001 §62. r ~.009 | oeaf -, -ﬁfﬂ
0} £ 008 1.06]-,006 6k 10| .l .oeaf .m{- 67.6
2.0 | .067) .030 | 2,19 |~ ,00h |6L.6 2.0] 03 'ﬁ 1.381-.004 [62.
L5 4039 | 3. [:.031 & 2.9 o 2,23]-.004 61,
GeT | 280 .0%3 | 3.901-.04k j6h.2 5.0 { .103{ .033| 3.10/-.008[61.6
8.71 .296) 0] 3.95(-.098 [Er.1 T¢ | 1%3| LOk5] 3.M2]-.013]6L.8
hog «3T3 3.T25-.0T0 |6k0 8.0 A 0521 3.3 |- 022 |62.6
na.6 | JAs7| 32| 3.86]-.00 0.0] 237 .00 | 3.h0{~.c08 jsa.5
14.9 § .532| LT ] 3.20]-.092 §63.6 | 298] 093] 3.20|-.039]62.8
h.ast.o . w025 Le.23) 003|618 ||6.26 Lo.0 | -.0u2 .oeTL.x}-.mz .3
a (= 022 | ~ hR{ L00L JL. [N EX O | .38 .2
9 j 015! 022] .6T]-.002)62.3 1o . 2k LT[ L00kE.S
L9 | .oho| .oz | 1.65(-.00%162.8 20| Joes| 025] 98] .002({%8.7
31| op| 027 2.29 = .0L0 630 2.9| .ohal .026] 1.70]-.00k [58.1
5.0 | aa| .03 3.Tg>-.015 Ni k9] .083| .,032] 2.57|~.005181.3
TO | LTS OBT | 3.70]=d 0 6.9 | 1A .ok2} o.94| 001 199.9
8.21 .a7). 3.; =036 [63.5 6.9 | 326 .ck2}2.97}-.01863.1
o2 ) 2761 078 | 3.5% [-. 00 163.0 7.9} 133 .0M8 3.06’:.009 8.k
ek | .337] 103 ) 3.27]-.0n3 j62.7 9.9 E% 06k [ 3.1 {-.017(62.0
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